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Philadelphia.) 
PLATE 29 . 
The work reported in this paper has been conducted intermittently 
during  the  past  two  years  in  conjunction  with  studies  of  Dr. 
Horatio C.  Wood, Jr.,  on the physiology of the arterial nerves of 
the pulmonary circuit. 
The nerve supply of the lungs comes from the small anterior pul- 
monary plexus  and  the  larger  posterior  pulmonary plexus,  these 
plexuses being formed by branches from the vagi and sympathetic 
nerves.  Branches from the plexuses accompany the lung roots into 
the organs and are there distributed to the bronchi and blood-vessels. 
The coarser distribution of the nerves is easily demonstrable; it was 
pointed out  in man by  Stifling in  I876,  and  since  then  has  been 
reported by various observers in many of the higher mammalia. 
The problem of the finer distribution, however, has been the sub- 
ject of less  satisfactory research.  Arnold claimed that there were 
three nerve plexuses in the arterial walls of the general circulatory 
system, an outer or adventitial network loosely arranged and often 
containing medullated fibers,  a second network loosely arranged in 
the muscle layer and made up of fine but regularly outlined fibrils, 
and a third network finely arranged and made up of varicose non- 
medullated threads which end in nodular or knob-like thickenings. 
This  description was  supported  by  numerous writers,  among the 
most recent being Michailow, who used methylene blue dissolved in 
the Ringer-Locke solution.  Barbieri, however, having worked with 
the arteries of dogs, thinks that Arnold's plan is too diagrammatic 
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for actual  demonstration.  My own work,  although  limited  to  the 
pulmonary artery,  leads me to accept the latter view. 
As to the special demonstration  of nerve fibrils in the pulmonary 
arteries,  little  has  been  done,  the  majority  of  workers  contenting 
themselves  with  more  easily  accessible organs.  Retzius,  however, 
noted  their  presence  in  a  human  embryo,  and  Berkley,  using  the 
rapid Golgi method, was very successful in demonstrating  the pres- 
ence of nerve  fibrils  in  the pulmonary  artery  of rabbiss,  mice,  and 
gray and white rats.  He found that the "plexuses that  accompany 
arteries are not so well developed as those about the bronchial tubes ; 
still  traces  of  them  are  not  infrequently  met  with  in  the  form  of 
single  fibres  and  portions  of anastomosing  networks  following the 
direction  of  the  artery,  and  here  and  there  an  end  knob  may  be 
found,  .  .  .  seemingly  near  or between the  smooth muscular  cells 
of the middle coat."  He states  further that  "nerve  fibres in sparse 
number may also be observed in the walls of the larger veins." 
Personally  I  have  tried  several  modifications  both  of  the  silver 
stains  and  of  the  gold  stains,  but  I  found  them  unsatisfactory 
because of the presence of a  very rich  elastica in the  arterial  walls 
in  the  lung,  a  feature  that  I  have  demonstrated  by the  use  of the 
Weigert elastica stain in paraffin sections.  The Bielschowsky method 
as modified by Schfitz also was unsatisfactory.  For this  reason,  I 
turned  my attention  to the use of methylene blue.  The  method of 
Dogiel  was  used  on  frozen  sections  without  satisfactory  results. 
Bethe's  modification  of  the  Ehrlich  intra-vital  method  failed. 
Leontowitsch's method seemed to offer more promise,  but before I 
was able to work it out I  read of the method  of Huber,  and  after 
modifying it so as to meet the conditions of my own problem, used 
it with  success.  His work was  with  the  cerebral  arteries  of dogs, 
rabbits, and  cats.  He injected into the carotid artery  a  I  per cent. 
solution  of  methylene  blue  in  normal  salt  solution,  in  sufficient 
amounts to tinge the ear and eye, and, after thirty or forty minutes, 
made his  examination.  Inasmuch  as  I  wished to stain  the  arteries 
of the lung,  I  injected the solution into the jugular vein, which was 
exposed under ether anesthesia,  until  the skin  of the belly was dis- 
tinctly blue.  The  animal  was permitted  to live  for from  fifteen to 
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cent. solution of methylene blue, usually employed for making up the 
ordinary stains, mixed in an o.85 per cent. sodium chlorid solution. 
I  tried similar solutions of medically pure methylene blue, but  the 
staining results were unsatisfactory.  After fifteen to thirty minutes, 
the dogs were killed by rapid injection of about IOO cubic centimeters 
of the methylene blue solution.  One half hour later, the lungs and 
heart  were  removed en  masse,  and  starting  at  the  right  ventricle 
where the identification of the pulmonary artery was readily made, 
I  found the larger part of the pulmonary arterial system filled with 
paraffin  (the melting point of the paraffin being 45 °  C. so as not to 
"cook"  the tissues).  The finer branches  (those with a  calibre of 
from 2 to 4 millimeters) were dissected out, freed from surrounding 
tissues,  and  permitted  to  oxidize  for  from ,ten  to  thirty  minutes. 
They were then frozen in o.7 per cent. ammonium molybdate solu- 
tion and cut on the flat surface so as to strike the media of the ves- 
sels.  The  sections,  still  in  the molybdate solution,  were mounted 
on slides,  oxydized further, and covered with glycerin and a  cover 
slip.  Low power examination of the walls, before being frozen and 
sectioned, often showed a coarse adventitial network made up prob- 
ably of nerves.  Examination of the histologic preparation with a 
one twelfth oil immersion lens showed the  rich mass of unstained 
elastica and  smooth muscle,  in the midst  of which occasional net- 
works  such  as  those  shown  in  the  drawings  were  found.  The 
fibrils were fine and showed distinct beading or varicosities similar 
to  those observed with  this  stain  by  all  the more  recent workers. 
This feature is shown in figures I  and 2  in the drawing.  In only a 
few of the sections was I able to demonstrate end bulbs, but in these 
sections they seemed distinctive.  (See figures I  and 4-)  Possibly 
because  of  my insufficient experience with the technique,  none  of 
the bulbs  showed the  exceedingly rich  and  fine network described 
and  depicted by Hofmann.  This  fine end network,  however, has 
not been demonstrated by the majority of writers, who seem to have 
found, as I  have, simply a  terminal bulb. 
In the drawing, some of the bulbs seem to be placed in the midst 
of  the  network,  as  is  the  case  in  figures  I,  3,  and  4;  but  as  the 
sections were necessarily thick,  I  am of the opinion that they were 
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3  in  the  drawing,  there  is  to  be  seen  what  apparently  is  an  inter- 
calated cell, but closer study led me to think  that  it was an artefact 
or  a  superimposed  end bulb. 
The  studio  was  controlled  by injecting  the  solution  of methylene 
blue into the dorsal lymph sac of a  frog and  examining  frozen  sec- 
tions of the heart.  The cells and fine fibrill~e in the ganglia made me 
additionally  sure  of my findings  in  the  sections  described  above. 
From  my study,  I  feel justified  in the  conclusion  that  the  media 
of the pulmonary artery of the dog possesses a  nerve supply capable 
of histologic demonstration. 
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EXPLANATION  OF  PLATE  29. 
A  camera lucida  drawing with  a  Spencer  1/12 inch  oll  immersion lens  and 
Spencer no.  2  ocular. 
All  figures  show  the  characteristic  beaded  appearance.  Figures  I,  3  and  4 
show  end  bulbs.  In  figure  3,  intercalated  cells  are  seen,  which  probably  are 
over-riding  end  bulbs.  Figure  2  shows  the  heaping  up  of  deeply  staining 
material at the points  of branching of the network--a fairly common feature. 